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(57) The solid electrolytic capacitor disclosed is one 
which comprises, as an electrolyte, poly pyrrole synthe- 
sized by oxidatively polymerizing an oxidizing agent 
composed of a sulfonic acid compound as an anion and 
a high valency transition metal as a cation with pyrrole 
as a monomer. The poly pyrrole constitutes a solid elec- 
trolyte, is conductive and is being in the form of grains 



with mean grain sizes being no greater than 0.2 urn. Po- 
lymerization may use a polymerization solution contain- 
ing no less than 2% by weight of water, the mole ratio of 
the monomer to the oxidizing agent being unity or above. 
The capacitor using such conductive polypyrrole as the 
electrolyte exhibits excellent frequency characteristics 
and improved reliability. 
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Description 

BACKGROUND OF THE INVENTION 

s (1) Field of the Invention 

The present invention relates to solid electrolytic capacitors comprising conductive polymer compounds as a solid 
electrolyte and methods of manufacturing the same, and more particularly to solid electrolytic capacitors, which com- 
prises conductive polypyrrole in the form of grains with mean grain sizes being no greater than 0.2 urn as the solid 
io electrolyte, as well as having high capacitance efficiency factors (covering power) and excellent frequency characteris- 
tics, and methods of manufacturing the same. 

(2) Description of the Related Art 

is Along with advances in science and technology, there is a need for scaling down of electronic devices and, with 

respect to capacitors, there is an increasing demand for a solid electrolytic capacitor of large capacity having excellent 
frequency characteristics up to a high frequency range. 

A usual solid electrolytic capacitor has a structure comprising a first electrode (anode electrode) which is constituted 
by a porous body of a valve action metal, such as tantalum or aluminum, and a second electrode (cathode electrode) 

20 constituted by a solid electrolyte formed on the surface of an oxide film formed as dielectric on the porous metal body. 
The solid electrolyte of the capacitor is required to have two functions, i.e., a function of electrically connecting the entire 
dielectric inside the porous metal body and electrode leads, and a function of recovering electric short-circuiting which 
develops due to defects in the dielectric oxide film. Conventionally, manganese dioxide, 7, 7\ 8, S'-tetracyanoquin- 
odimethane complex salt, conductive polypyrrole, etc. have been used as a solid electrolyte. Among these compounds, 

25 conductive polypyrrole particularly has excellent frequency characteristics because its conductivity is high compared to 
other solid electrolytes. Japanese Patent Application Kokoku Publication No. Hei 4-56445 shows a solid electrolytic 
capacitor which comprises polypyrrole or its alkyl substitution product as a solid electrolyte, and teaches a method of 
manufacture by electrolytic polymerization of pyrrole and dipping in a polypyrrole solution. Also, there is a report on a 
process of pyrrole polymerization using such an oxidizing agent as ferric salt for polypyrrole synthesis. Further, Walker 

30 et al, 'Journal of Polymer Science, Part A, Polymer Chemistry", Vol. 26, 1988, p. 1285, shows examples of pyrrole 
polymerization using ferric dodecylbenzene sulfonic acid as an oxidizing agent. Still further, Japanese Patent Application 
Kokai Publication No. Hei 3-46214 shows a method of solid electrolytic capacitor manufacture using a polypyrrole syn- 
thesis process, in which ferric dodecylbenzene sulfonic acid and a methanol solution of pyrrole are mixed together at a 
temperature no higher than -30°C, followed by the temperature increase to higher than -20°C for polymerization. This 

35 publication, however, does not teach any specific method of obtaining a solid electrolytic capacitor, which has high 
capacitance efficiency factors and is also stable with respect to thermal stress. 

Capacitors comprising manganese dioxide as an electrolyte have insufficient high frequency characteristics because 
of high electrolyte resistance. Capacitors comprising 7,7', 8, 8-tetracyanoquinodim ethane complex salt as a solid elec- 
trolyte has a problem that the soldering heat resistance is lacking because of a low melting point. Further, capacitors 

40 with a solid electrolyte thereof constituted by conductive polypyrrole obtained through synthesis by a chemical polym- 
erization process, have a problem of separation of the solid electrolyte from the dielectric surface due to thermal stress 
or repeated moisture absorption and drying, although the electrolyte has high conductivity and there is soldering heat 
resistance. When the solid electrolyte is separated, the capacitance of the capacitor is reduced, and the equivalent 
series resistance in the high frequency range is increased thereby increasing the impedance. Polypyrrole, on the other 

45 hand, can be synthesized by an electrolytic polymerization process as well. However, with conductive polypyrrole ob- 
tained by this process, the dielectric capacitance efficiency factor based on thermal stress or the like is small. Regarding 
these problems, the publications referred to above show only initial characteristics, and the phenomenon of separation 
of the solid electrolyte from the dielectric surface due to thermal stress or the like and a method of solving this problem 
are not shown. 

so 

SUMMARY OF THE INVENTION 

An object ol the invention, therefore, is to solve the above technical problems inherent in the prior art, and to provide 
a solid electrolytic capacitor, which is free from separation of the solid electrolyte from the dielectric surface by thermal 
55 stress or repeated moisture absorption and drying, and which provides high capacitance and excellent stability. 

According to one aspect of the invention, there is provided a solid electrolytic capacitor comprising, as an electrolyte, 
polypyrrole synthesized by oxidatively polymerizing an oxidizing agent composed of a sulfonic acid compound as an 
anion and a high valency transition metal as a cation with pyrrole as a monomer, the polypyrrole constituting a solid 
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electrolyte, being conductive and being in a grain form with mean grain sizes no greater than 0.2 urn It has been found 
by the inventors that, by selecting the mean grain size so as to be no greater than 0.2 urn, it is possible to achieve the 
object mentioned above. This is one feature of the invention. 

Another feature of the invention resides in a method of manufacturing a solid electrolytic capacitor in which, as an 

s electrolyte, polypyrrole is synthesized by oxidative ly polymerizing an oxidizing agent composed of a sulfonic acid com- 
pound as an anion and a high valency transition metal as a cation with pyrrole as a monomer. The method comprises 
a step of polymerization using a polymerization solution containing no less than 2% of water, the mole ratio of the 
monomer to the oxidizing agent being unity (1) or above. 

The invention requires that the polypyrrole be in the form of grains but their shapes are not particularly limited. 

10 However, if the mean grain sizes become small and uniform, there is a tendency for the development of an increased 
leakage current in the capacitor. Thus, a preferred range of the mean grain sizes is between 0.01 and 0.2 u.m. 

In carrying out the invention, any sulfonic acid compound as an anion constituting the oxidizing agent may be used 
so long as it has a sulfonic acid group. Examples are alkylbenzene sulfonic acid ions such as p-toluene sulfonic acid 
ion, ethylbenzene sulfonic acid ion, octylbenzene sulfonic acid ion, and dodecylbenzene sulfonic acid ton; naphthalene 

is sulfonic acid ions such as (J-naphthalene sulfonic acid ion and butylnaphthalene sulfonic acid ion; organic sulfonic acid 
ions such as sulfosuccinic acid ion and N-acylsulfonic acid ion; alkylsulfonic acid ion of C 8 to C 12 ; and a-olefin sulfonic 
acid ion. Also, examples of high valency transition metal ions as cations constituting the oxidizing agents are Ag + , Cu 2+ , 
Fe 3 * Al 3 + Ce 4+ , W 6 * 1 -, Cr 6 *, Mn 7+ and Sn 4+ . Among these anion/cation combinations, ferric alkylnaphthalene sulfonic 
acid, cupric alkylnaphthalene sulfonic acid, and ferric alkylbenzene sulfonic acid are suitable from the standpoint of ease 

20 of preparation of small grain size conductive polypyrrole. 

In explaining the invention, by the term "pyrrole" is meant a compound having the pyrrole skeleton and a substitute 
group at the third or N-th location or a mixture of such a compound and pyrrole. Examples of the substitute group are 
hydroxy I group, acetyl group, carboxyl group and alkyl group. 

According to the invention, polypyrrole may be formed with the above oxidizing agent by any process. From the 

25 standpoint of the effects of the invention, however, a process in which a polymerization reaction takes place in solution 
is preferred. Examples of such processes are ones in which an oxidizing agent solution and a pyrrole solution are 
introduced successively onto the dielectric surface of the porous body for polymerization, ones in which the oxidizing 
agent and a diluted pyrrole solution are introduced for causing polymerization by utilizing concentration increase with 
evaporation of the solvent, and ones in which the oxidizing agent and a monomer are mixed at a low temperature and 

30 with a condition of suppressed reaction rate, the mixture thus obtained being introduced onto the dielectric surface and 
then elevated in temperature for polymerization. According to the invention, any solvent may be used so long as it can 
dissolve both pyrrole and oxidizing agent. Examples of solvents are methanol, ethanol, isopropylalcohol, acetone, meth- 
ylethylketone, diethylether, acetonitrile and tetrahydrofuran. 

According to the invention, polypyrrole is synthesized by using the above oxidizing agent and pyrrole in a polymer- 
35 jzing solution containing no less than 2% by weight of water with a condition that the mole ratio of the monomer to the 
oxidizing agent is unity (1 ) or above. Generally, in oxidative polymerization using an aromatic compound as a monomer, 
2 moles of an oxidizing agent are required for one mole of the monomer. Thus, when the efficiency of preparation of 
conductive polymer is taken into consideration, an adequate mole ratio of the monomer is thought to be about 0.5 with 
respect to the oxidizing agent. In the method according to the invention, the mole ratio of the monomer is high, and the 

40 polymerization solution contains no less than 2% by weight of water. Thus, the synthesized polypyrrole is in the form of 
grains with mean grain sizes not greater than 0.2 urn According to the invention, there is no upper limit in the water 
proportion in the polymerization solution. The water proportion thus can be selected appropriately in a range up to the 
saturation water content of the solvent. From the standpoint of the solubility of the oxidizing agent, however, it is preferably 
no greater than 2% by weight. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of the present invention will be apparent from the following 
description of preferred embodiments of the invention explained with reference to the accompanying drawings, in which: 

so 

Fig. 1 is a scanning electron microscope photograph of a section of a solid electrolytic capacitor in Example 1 
according to the invention; 

Fig. 2 is a scanning electron microscope photograph of a section of a solid electrolytic capacitor in Comparison 
55 Example 1; 

Fig. 3 is a scanning electron microscope photograph of a section of a solid electrolytic capacitor in Comparison 
Example 1 taken after heat treatment of the capacitor at 200°C for 15 minutes: and 
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Fig. 4 is a graph showing frequency characteristics of the electrostatic capacitance of solid electrolytic capacitors 
as sample (1a) in Example 1 according to the invention and comparison sample (2c) in Comparison Example 2. 

PREFERRED EMBODIMENTS OF THE INVENTION 

s 

Now, the invention is explained with reference to the drawings. Specifically, Fig. 1 shows a surface structure of 
polypyrrole inside a pellet with an oxide film obtained after polymerization brought about by dipping a tantalum pellet in 
a methanol solution, which has been obtained by mixing ferric dodecylbenzene sulfonic acid, pyrrole and water in final 
proportions of 25, 3.2 and 5% by weight at -70°C, and then increasing the temperature of the system up to room tem- 

io perature. Fig. 2 shows a surface structure of polypyrrole inside a pellet with an oxide film obtained after polymerization 
brought about by dipping a tantalum pellet in a methanol solution, which has been obtained by mixing ferric dodecyl- 
benzene sulfonic acid, pyrrole and water in final proportions ol 25, 0.8 and 5% by weight at -70° C, and then increasing 
the temperature of the system up to room temperature. The mole ratio of the monomer to the oxidizing agent is 2 in the 
case of Fig. 1 and 0.5 in Fig. 2. In these Figures, fine tantalum particles and a surrounding oxide film layer can be 

15 observed. Further, polypyrrole is formed such that it is in close contact with the oxide film surface. It will be obvious that 
where the mole ratio of the monomer to the oxidizing agent is 2, the mean grain sizes of polypyrrole are no greater than 
0.2 u.m. 

The solid electrolytic capacitor according to the invention is completed by, if necessary, mounting electrodes in a 
well-known process using silver paste and carbon paste and then molding the system. 

20 

EXAMPLE 1 

An oxidizing agent solution was prepared by adding 5 grams of distilled water to 95 grams of a methanol solution 
containing 31.6% by weight of ferric dodecylbenzene sulfonic acid and cooling the resultant solution to -70°C. To this 

25 oxidizing agent solution, 20 grams of a methanol solution containing 1 .92 grams of dissolved pyrrole was added, and 
the resultant solution was stirred sufficiently, whereby a blend solution composed of ferric dodecylbenzene sulfonic acid 
and one mol of pyrrole with respect to ferric dodecylbenzene sulfonic acid was obtained (sample (1a) as shown in Table 
1). Likewise, 20 grams of methanol solutions containing 2.88 and 3.84 grams, respectively, of dissolved pyrrole was 
added to the oxidizing agent solution cooled down to -70° C, followed by stirring, whereby the blend solutions composed 

30 of ferric dodecylbenzene sulfonic acid and pyrrole, with the pyrrole being of 1 .5 and 2 mols with respect to ferric do- 
decylbenzene sulfonic acid, were obtained (samples (1b) and (1c) in Table 1). 

Then, a rectangular sintered tantalum fine powder pellet of 3mm x 2mm X 2.5mm was anode oxidized at a formation 
voltage of 100 V using an aqueous solution containing 0.05% by weight of phosphoric acid, followed by cleaning and 
drying, whereby a pellet showing a capacitance of 10 uP in electrolyte was obtained. The pellet thus prepared was 

35 dipped in each of the above three different blend solutions held at -70°C. After 60 seconds, the pellet was taken out and 
held in air at 25°C for 30 minutes for polymerization of pyrrole, followed by cleaning with methanol and drying. The 
above polymerization, cleaning and drying were carried out repeatedly four times, and then lead electrodes of silver 
paste were mounted on each pellet, whereby a solid electrolytic capacitor comprising polypyrrole as an electrolyte was 
obtained. 

40 The mean grain size of fine polypyrrole particles of each capacitor determined from a scanning electron microscope 

image of a pellet solid electrolytic capacitor and the capacitance of the capacitor at 120 Hz, are shown in Table 1. All 
the capacitors obtained were found to comprise polypyrrole with mean grain sizes no greater than 0.2 u,m as an elec- 
trolyte. They also had capacitances no less than 9 u,F, thus showing satisfactory capacitance efficiency factors. 

Curve (1) in Fig. 4 represents the frequency characteristics of the electrostatic capacitance of sample (1a). There 

45 is almost no change in the electrostatic capacitance up to a high frequency range, thus showing that the section in this 
example has excellent frequency characteristics. 

COMPARISON EXAMPLE 1 

50 An oxidizing agent solution was prepared by adding distilled water to a methanol solution containing 30% by weight 

of dissolved ferric dodecylbenzene sulfonic acid and cooling the resultant solution in the manner as in Example 1. To 
this oxidizing agent solution was added 20 grams of methanol solutions containing 0.77, 0.96 and 1.44 grams, respec- 
tively, of pyrrole, followed by sufficient stirring, whereby the blend solutions composed of ferric dodecylbenzene sulfonic 
acid and pyrrole, with pyrrole being of 0.4, 0.5 and 0.75 mols with respect to ferric dodecylbenzene sulfonic acid, were 

55 obtained (comparison samples (1a), (1b) and (1c)). 

Then, using a tantalum pellet as in Example 1 the polymerization, cleaning and drying of pyrrole were carried out 
repeatedly four times, followed by mounting of lead electrodes of silver paste, whereby the solid electrolytic capacitor 
comprising polypyrrole as an electrolyte was obtained. 
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The mean grain sizes of fine poly pyrrole particles of each capacitor determined from a scanning electron microscope 
photograph of a pellet section and the capacitance of the capacitor at 120 Hz are shown in Table 1 . All the capacitors 
obtained comprised poly pyrrole with mean grain sizes no less than 0.2 urn and had insufficient capacitances no greater 
than 7 u.F. These capacitors were each treated at 200°C for 15 minutes and then observed with the scanning electron 
5 microscope. Separation of polypyrrole from the dielectric surface as shown in Fig. 3 was observed. 

EXAMPLE 2 

An oxidizing agent solution was prepared in the manner as in Example 1 except for using ferric butylnaphthalene 
io sulfonic acid in lieu of ferric dodecylbenzene sulfonic acid. To this oxidizing agent solution was added 20 grams of 
methanol solutions containing 2.34, 3.51 and 4.68 grams, respectively, of dissolved pyrrole, followed by sufficient stirring, 
whereby the blend solutions containing ferric butylnaphthalene sulfonic acid and pyrrole, with the pyrrole being of 1 .0, 
1 .5 and 2.0 mols with respect to the ferric butylnaphthalene sulfonic acid, were obtained (samples (2a), (2b) and (2c)). 
Then, using a tantalum pellet as in Example 1, the polymerization, cleaning and drying of pyrrole were carried out 
15 four times, followed by mounting of lead electrodes with silver paste, whereby the solid electrolytic capacitor comprising 
polypyrrole as an electrolyte was obtained. 

The mean grain sizes of fine particles ot polypyrrole of each capacitor as determined from a scanning electron 
microscope photograph of a pellet section and the capacitance of the capacitor at 120 Hz are shown in Table 1 . All the 
capacitors obtained comprised polypyrrole with mean grain sizes no greater than 0.2 urn as an electrolyte and had 
20 capacitances no less than 9 \iF, thus showing satisfactory capacitor efficiency factors. 

COMPARISON EXAMPLE 2 



An oxidizing agent solution was prepared by adding distilled water to a methanol solution containing 30% by weight 
25 of ferric butylnaphthalene sulfonic acid and subsequent cooling in the manner as in Example 2. To this oxidizing agent 
solution was added 20 grams of methanol solutions containing 0.93, 1.17 and 1.76 grams, respectively, of pyrrole, 
followed by sufficient stirring, whereby the blend solutions composed of ferric butylnaphthalene sulfonic acid and pyrrole, 
with the pyrrole being of 0.4, 0.5 and 0.75 moles with respect to the ferric butylnaphthalene sulfonic acid were obtained 
(comparison samples (2a), (2b) and (2c)). 
30 Then, using a tantalum pellet as in Example 1 the polymerization, cleaning and drying of pyrrole were carried out 

repeatedly four times in the manner as in Example 1 , followed by mounting of lead electrodes of silver paste, whereby 
the solid electrolytic capacitor comprising polypyrrole as an electrolyte was obtained. 

The mean grain sizes of fine particles of pyrrole of each capacitor as determined from a scanning electron micro- 
scope photograph of a pellet section and the capacitance of the capacitor at 120 Hz are shown in Table 1. All the 
35 capacitors obtained comprised polypyrrole with mean grain sizes no less than 0.2 p.m as an electrolyte and had insuf- 
ficient capacitances no greater than 7 u.F. 

Broken curve (2) in Fig. 4 represents the frequency characteristics of the electrostatic capacitance of the comparison 
sample (2c). As shown, the electrostatic capacitance is greatly reduced in a high frequency range, thus showing that 
the frequency characteristics of the solid electrolytic capacitors in this comparison example are insufficient. 

40 

EXAMPLE 3 

An oxidizing agent solution was prepared in the manner as in Example 1 except for using cupric butylnaphthalene 
sulfonic acid in lieu of ferric dodecylbenzene sulfonic acid. To this oxidizing agent solution was added 20 grams of 
45 methanol solutions containing 3.36, 5.03 and 6.71 grams, respectively, of pyrrole, followed by sufficient stirring, whereby 
the blend solutions composed of cupric butylnaphthalene sulfonic acid and pyrrole, with the pyrrole being of 1 .0, 1 .5 
and 2.0 mols with respect to the cupric butylnaphthalene sulfonic acid, were obtained (samples (3a), (3b) and (3c)). 

Then, using a tantalum pellet as in Example 1 the polymerization, cleaning and drying of pyrrole was carried out 
repeatedly four times in the manner as in Example 1 , and then lead electrodes of silver paste were mounted, whereby 
50 the solid electrolytic capacitor with polypyrrole as an electrolyte was obtained. 

The mean grain sizes of fine particles of polypyrrole of each capacitor as determined from a scanning electron 
microscope photograph of a pellet section and the capacitance of the capacitor at 120 Hz are shown in Table 1 . All the 
capacitors obtained comprised polypyrrole with mean grain sizes no greater than 0.2 urn as an electrolyte and had 
capacitances no less than 9 uF, thus showing satisfactory capacitance efficiency factors. 

56 

COMPARISON EXAMPLE 3 

An oxidizing agent solution was prepared by adding distilled water to a methanol solution containing 30% by weight 
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of dissolved cupric butylnaphthalene sulfonic acid and subsequent cooling in the manner as in Example 2. To this oxi- 
dizing agent solution was added 20 grams of methanol solutions containing 1 .34, 1 .68 and 2.52 grams, respectively, of 
pyrrole, followed by sufficient stirring, whereby the blend solutions composed of cupric butylnaphthalene sulfonic and 
pyrrole, with the pyrrole being of 0.4, 0.5 and 0.75 mols with respect to the cupric butylnaphthalene sulfonic, were 

s obtained (comparison samples (3a), (3b) and (3c)). 

Then, using a tantalum pellet as in Example 1 the polymerization, cleaning and drying of pyrrole were carried out 
repeatedly four times in the manner as in Example 1 , and then lead electrodes of silver paste were mounted, whereby 
the solid electrolytic capacitor with polypyrrole as an electrolyte was obtained. 

The mean grain sizes of fine particles of polypyrrole of each capacitor as determined from a scanning electron 

10 microscope photograph of a pellet section and the capacitance of the capacitor at 120 Hz are shown in Table 1 . All the 
capacitors obtained comprised polypyrrole with mean grain sizes no less than 0.2 u.m as an electrolyte and had insuf- 
ficient capacitances no greater than 7 u.m. 

COMPARISON EXAMPLE 4 

75 

An oxidizing agent solution was prepared in the manner as in Example 1 except for adding no distilled water. To 
this oxidizing agent solution was added 20 grams of a methanol solution containing 3.84 grams of dissolved pyrrole, 
followed by sufficient stirring, whereby a blend solution composed of ferric dodecylbenzene sulfonic acid and pyrrole, 
with the pyrrole being of 2.0 mols with respect to the ferric dodecylbenzene sulfonic acid, was obtained. In this case, 
20 blackening of the reacted solution occurred immediately after the addition of pyrrole solution. 

Then, using a tantalum pellet as in Example 1 , the polymerization, cleaning and drying of pyrrole were carried out 
repeatedly four times in the manner as in Example 1. In this case, no formation of polypyrrole in pellet pores was ob- 
served. Therefore, it was impossible to obtain evaluation of the solid electrolytic capacitor. 

Further, an oxidizing agent solution was prepared in the manner as in Example 1 except that 1 gram of distilled 
25 water was added. To this oxidizing agent solution was added 20 grams of a methanol solution containing 3.84 grams 
of dissolved pyrrole, followed by sufficient stirring, whereby the blend solution composed of ferric dodecylbenzene sul- 
fonic acid and pyrrole, with the pyrrole being of 2.0 moles with respect to the ferric dodecylbenzene sulfonic acid, was 
obtained. 

Then, using a tantalum pellet as in Example 1 the polymerization, cleaning and drying of pyrrole were carried out 
30 repeatedly four times in the manner as in Example 1 , and then lead electrodes of silver paste were mounted, whereby 
the solid electrolytic capacitor with polypyrrole as an electrolyte was obtained. 

The capacitance of the capacitor at 1 20 Hz is shown in Table 1 . In the capacitor obtained, polypyrrole constituting 
an electrolyte was not in the form of grains but in a solidified non -granular form. In addition, the capacitance was no 
greater than 1 \xF and was insufficient. 

35 

TABLE 1 







Oxidizing 


Monomer/Oxidizing 


Water (wt.%) 


Grain size 


Capacitance 






Agent 


Agent (mol/mol) 




(Hm) 


0*F) 


40 


Example 














(1a) 


Fe(DBS) 3 


1.0 


5 


0.15 


9.4 




(1b) 


Fe(DBS) 3 


1.5 


5 


0.10 


9.5 




(1c) 


Fe(DBS) 3 


2.0 


5 


0.10 


9.4 


45 


(2a) 


Fe(BNS) 3 


1.0 


5 


0.10 


9.6 


(2b) 


Fe(BNS) 3 


1.5 


5 


0.08 


9.5 




(2c) 


Fe(BNS) 3 


2.0 


5 


0.06 


9.5 




(3a) 


Cu(BNS) 2 


1.0 


5 


0.08 


9.6 




(3b) 


Cu(BNS) 2 


1.5 


5 


0.07 


9.7 


50 


(3c) 
Comparison 
Example 


Cu(BNS) 2 


2.0 


5 


0.05 


9.7 




(1a) 


Fe(DBS) 3 


0.4 


5 


1.1 


2.5 




(1b) 


Fe(DBS) 3 


0.5 


5 


0.60 


4.5 


55 


(1c) 


Fe(DBS) 3 


0.75 


5 


0.45 


5.2 




(2a) 


Fe(BNS) 3 


0.4 


5 


0.50 


4.1 



Continuation of the Table on the next page 
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TABLE 1 (continued) 





Oxidizing 
Agent 


Monomer/Oxidizing 
Agent (mol/mol) 


Water (wt.%) 


Grain size 
(um) 


Capacitance 
(HF) 


(2b) 


Fe(BNS) 3 


0.5 


5 


0.45 


5.8 


(2c) 


Fe(BNS) 3 


0.75 


5 


0.30 


6.5 


(3a) 


Cu(BNS) 2 


0.4 


5 


0.70 


4.0 


(3b) 


Cu(BNS) 2 


0.4 


5 


0.40 


5.5 


(3c) 


Cu(BNS) 2 


0.75 


5 


0.35 


6.7 


4 


Fe(DBS) 3 


2.0 


0 










2.0 


1 




0.55 
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As has been described in the foregoing, according to the invention it is possible to provide a solid electrolytic ca- 
pacitor, which has large capacitance efficiency factors, excellent frequency characteristics and improved reliability, and 
also a simplified method of manufacturing the same, which is greatly beneficial. 

While the invention has been described in its preferred embodiments, it is to be understood that the words which 
have been used are words of description rather than limitation and that changes within the purview of the appended 
claims may be made without departing from the true scope of the invention as defined by the claims. 



Claims 



1. A solid electrolytic capacitor characterized by comprising, as an electrolyte, polypyrrole synthesized by oxidatively 
2s polymerizing an oxidizing agent composed of a sulfonic acid compound as an anion and a high valency transition 

metal as a cation with pyrrole as a monomer, said polypyrrole constituting a solid electrolyte, being conductive and 
being in a grain form with mean grain sizes no greater than 0.2 um 

2. A method of manufacturing a solid electrolytic capacitor having, as an electrolyte, polypyrrole synthesized by oxi- 
30 datively polymerizing an oxidizing agent composed of a sulfonic acid compound as an anion and a high valency 

transition metal as a cation with pyrrole as a monomer, said method comprising a step of polymerization using a 
polymerization solution containing no less than 2% by weight of water, the mole ratio of the monomer to the oxidizing 
agent being unity or above. 

3S 3. The method of manufacturing solid electrolytic capacitor according to claim 2, in which said high valency metal as 
the cation of the oxidizing agent is one of a ferric ion and a cupric ion, and said sulfonic acid compound as the union 
of the oxidizing agent is a naphthalene sulfonic acid ion. 

4. The method of manufacturing solid electrolytic capacitor according to claim 2, in which said high valency metal as 
40 the cation of the oxidizing agent is a ferric ion, and said sulfonic acid compound as the anion of the oxidizing agent 

is a benzosulfonic acid ion having an alkyl substitute product group. 
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